Abstract. Somatosensory cortical-evoked potentials (CEP) were investigated in 16 patients with localised myelopathy and in five patients with generalised myelopathy, and then compared with those found in 30 control subjects.
Introduction DAWSON (1947) was the first to pick up specific evoked potentials over the cortex (CEP) of the contralateral hemisphere in response to the stimulation of a peripheral nerve. Today, CEPs have been measured in response to the stimulation of various different peripheral nerves (Allison, 1962; Goff et at., 1962; Debeker et at., 1964; Giblin, 1964; Calmes et at., 1971; Desmedt, 1971; Cracco, 1972; Desmedt et at., 1973 and others) .
The first reports on changes in the CEP seen in diseases of the spinal cord, were made by Alajouanine et at. (1958) , Halliday et at. (1963) , Giblin (1964) , and Bergamini et at. (1965) . A striking observation was the fact that patients with dissociation sensibility manifested only slight changes in the CEP. These findings were confirmed by later investigations carried out by Desmedt (1971) , Nakanishi (1974) . Baust et at. (1972 Baust et at. ( , 1974 made use of the determination of the CEP following segmental stimulation, to localise the level of pathological processes within the spinal cord. We carried out investigations of 16 patients with localised diseases of the spinal cord, and five patients with generalised spinal cord pathology, and compared the results we obtained with a group of 30 healthy test subjects.
Method
The examination was carried out in a partially darkened room, at a constant temperature of 31°C. Any peripheral nerve damage was excluded by determining the conduction velocities of the motor and sensory nerves.
Stimulation
Stimuli were applied to the tibial nerve at the medial aspect of the ankle joint of both legs. For special questions, segmental stimulation was additionailY performed on the trunk.
To carry out stimulation, a bipolar surface electrode (Disa 13 K 62) was employed, the stimulating poles being spaced 25 mm apart. The intensity of the stimulus was 2-3 times greater than the sensory threshold of intensity. The stimuli consisted of square-wave pulses having a duration of 0'2 msec and were applied at a frequency of I/sec.
Recording
Recording was effected by using two EEG needle electrodes placed in the galea in accordance with the international 10- 20 Jasper System (1957) , over the sensory 'foot field', the active electrode being located on point C z and the indifferent electrode on the point F z. The band width of the amplifier employed was between 2 Hz and 10 kHz. A computer (Type Histomat S manufactured by Intertechnik) having 1024 addresses and an analysis time of 300 msec, was used as the averager. Each stimulation was performed twice, in order to eliminate artefacts.
The cortical-evoked potentials were recorded in such a way that the negative potential peak (N) pointed upwards, while the positive potential peak (P) pointed downwards (Fig. I) .
Following Giblin (1964) the individual potential peaks are identified with N or P and are numbered consecutively. The potential peak PI-regularly recorded on stimulation of the median nerve-was not taken into account, since it was picked up in only 33 per cent of the healthy control subjects in response to stimu lation of the tibial nerve. The latency of the potential peaks NI to N5, and the peak-to-peak amplitudes were measured. The potential peaks NI to N3 were collectively designated as the primary response, the subsequent potentials as secondary response.
Results
Standard figures: Thirty healthy control subjects, aged between 17 and 72 years, were examined. The latencies of the primary response NI to N3 of the CEP following stimulation of the tibial nerve at the ankle were determined accurately in every examination. The potential peaks of the secondary response P 4 to N 5' were frequently not reliably determinable (N5 only in some 6 per cent) with increasing potential duration, so that potential fluctuations after N5 were not taken into account. The mean value of the latencies for NI is 31.5 msec. The range of scatter of the latencies increases continuously from NI onwards ( Table I) .
The amplitudes of the primary response increase up to N3, while in the secondary response, the amplitudes decrease. The scatter range is large, so that it was possible to assess the amplitudes only in a bilateral comparison (Table II) . Cortical-evoked potentials in response to stimulation of the tibial nerve. Amplitude of the potential peaks in 30 healthy test subjects In eight patients with a complete paraplegic syndrome, no cortical-evoked potentials were demonstrable on stimulation of the tibial nerve. On the basis of segmental stimulations, it was possible to carry out an accurate localisation of the levels of the pathological processes, and it was frequently seen that stimulation below the clinical 'paraplegic limit' led to an incipient cortical-evoked response (Fig. 2) .
Six patients presenting with an incomplete paraplegic syndrome due to a vascular lesion of the spinal cord, revealed varying changes in the CEP, depending upon the degree of clinical severity or the damage to the afferent tracts. Table III . In many cases, the clinical syndrome permits conclusions to be drawn as to the pathological-anatomical pattern of injury. In the case of patients with dissociated sensory loss, normal CEP latencies were found in each case, whilst, in contrast, the amplitudes of the primary and secondary responses were diminished (Fig. 3) . Similar findings were established in two patients presenting with syringo myelia of the cervical spinal cord, in whom a dissociated sensory loss was seen in both legs (Fig. 4) . . In five patients with generalised pathology of the spinal cord, considerable changes, both in the latencies and in the amplitudes of the CEPs were found (Table IV) . Particularly marked were the changes of the CEP in the myelopathies with predominant involvement of the posterior tracts (dorsal columns), as, for example, in patients with tabes dorsalis. The loss of position and vibration sensation, with normal pain and tactile sensation, led to a long delayed latency of the CEP. The potential is deformed, the primary response cannot be accurately delimited (Fig. 5) . In the three patients presenting with combined tract pathology, considerable changes in the CEP were also found.
Discussion
The influence of spinal cord pathology on the cortical-evoked potentials (CEPs) by stimulation of the tibial nerve, can best be recognised in the group of patients with a vascular myelopathy.
In common with Alajouanine et al. (1958) and Baust et al. (1974) , we also observed a diminution in the amplitudes of CEP in subjects with dissociated sensory loss. In our patients, the later potential peaks were particularly involved, and this accorded with the results obtained by Tsumoto (1973) . The latencies were, by and large, within the normal range. From this, it may be deduced that the sensory stimuli that give rise to the CEP, are conducted largely along the posterior tract (dorsal column). In contrast, the ventrolateral tract appears, in the main, to determine the amplitude and the degree of the secondary response. Grieshop et al. (1970) and Blair et al. (1975) , in patients with chronic pain, were able to produce a change in the CEP after stimulation of the tibial nerve, by direct stimulation of the dorsal columns in the lumbar region. They discovered a reduction in amplitudes, in particular of the late potential peaks. There was a direct correlation between the reduction in amplitude and the amelioration of pain. Like Giblin, Bergamini et al., Namerow et al. and Baust et al., we also observed the greatest changes in the CEP in myelopathies where the dorsal columns were severely affected, for example, in funicular myelosis and in tabes dorsalis. In some cases, the deformation of the potential was so marked that the reliable identification of the potential peaks, and therefore a comparison of the latencies with those of the healthy group, was not possible.
In a person with paraplegia where there is loss of all the sensory modalities, there will always· be a marked change in the CEP. In those with complete para plegia, no CEP can be induced by stimulating an area of skin distal to the 'sensitivity boundary'. Our findings with respect to segmental stimulation, confirm the re ports of Baust et al. (1974) , namely, that, by this means, an accurate localisation of the level of the process in the spinal cord can be obtained. In patients with cervical myelopathy, Matsukado et al. (1976) described a marked delay in the latencies of the CEP on stimulation of the median nerve. The CEP induced by stimulating the nerves in the arm, however, is, we believe, unsuitable for assessing cervical myelopathy, since, according to Desmedt et al. (1974) , a radicular disorder can also lead to a delay in the CEP, and thus any conclusions regarding a circum scribed spinal cord lesion is no longer possible. In the case of diffuse diseases of the spinal cord, in particular those caused by lack of vitamin B12, the peripheral, sensory and motor nerve conduction rates must, of course, be determined in order to exclude a neuropathic process as the cause of a change in the CEP. At the same time, it is essential to exclude a disturbance in the central transmISSIOn of the stimulus in the brain-stem and in the cerebrum. The technique proposed by Ertekin (I976) , involving the direct pick-up of the evoked potentials by introducing electrodes into the spinal canal, cannot yet be employed for clinical diagnosis.
Summary
Cortical-evoked potentials (CEPs) induced by the stimulation of the tibial nerve, were investigated in 16 patients with localised myelopathy, and in five patients with generalised myelopathy, and compared with the results obtained in 30 healthy test subjects.
The investigations show that the pulses that give rise to the CEP, are con ducted mainly by the posterior columns. Damage to the ventrolateral tracts, in contrast, leads only to a reduction in the amplitude of the CEPs.
If account is taken of possible artefacts and misinterpretations, the method described is highly suitable for determining the level of a lesion in complete paraplegia and for obtaining information as to the size and extent of spinal cord damage in myelopathies.
RESUME
Cerebraux evoques potentiels (CEP) par stimulation du nerf tibial ont ete etudies chez 16 patients avec une affection spinale localisee et chez 5 patients avec une myelopathie generalisee. Les resultats ont ete comparees avec les resultats obtenues chez 30 sujets normaux. La comparaison des resultats fait voir que les cordons posterieurs sont la voie principale des impulses evoquent la response cerebrale. L'affection du cordon anterieure laterale cause une diminuation des amplitudes du CEP.
En tenant compte des artefactes possibles et des interpretations fautives la methode describee est propre pour determiner Ie niveau de la lesion spinale chez les parplegiques et pour ec1aircir l'extension des lesions de la moelle chez les myelopathies. 
